Objective: Crimean-Congo hemorrhagic fever (CCHF) is an acute viral disease. Several factors have already been suggested to explain the pathogenesis as well as predict the disease severity. In our study we aim to investigate the role of serum ferritin level as a possible predicting factor of disease severity in these patients.
Introduction
Crimean-Congo hemorrhagic fever (CCHF) is an acute febrile hemorrhagic disease caused by a tick-borne virus belonging to the Nairovirus genus of the Bunyaviridae family. Primary modes of disease transmission to humans include tick bites (Hyloma marginatum) or direct contact with blood or body discharges of the infected human or viremic livestock [1] .
The disease is mostly reported from Sub-Saharan Africa, Eastern Europe, Middle East, Iraq, India, Afghanistan, Pakistan, Iran and West China [2, 3] . Since 1999 Iranian Ministry of Health reported the disease mostly from Sistan-Balouchestan, Isfahan and Golestan provinces in Iran [4] .
Incubation period is from 3 to 13 days, after which prodromal symptoms develop including sudden fever, headache, myalgia, nausea and vomiting and epigastric pain. Leukopenia and thrombocytopenia in this phase of the disease might be severe and life threatening. Prodromal period averagely lasts for 1-7 days and is followed by the hemorrhagic phase which usually begins between the third to fifth days of the disease and continues for 4 days. Reticular system is affected by the virus which commonly results in extensive involvement of the liver cells manifesting by hepatitis and icterus. Diagnosis is made by laboratory tests including viral culture methods, serology using ELISA and RT-PCR [5] .
CCHF causes severe lethal disease with 30 to 80% mortality rate [2, 3] . Although, in Turkey epidemia mortality rate has been reported low nearly 10% [6] .Early treatment within the first three days can significantly decrease the mortality rate [7] . Mortality is typically due to hypovolemic shock resulted from severe bleeding, disseminated infection or disseminated intravascular coagulation (DIC). According to clinical pathology of the disease, severity of the DIC developed during the disease is considered as an important parameter of the disease severity [8] .
Several studies have investigated effective factors on the severity of CCHF disease. One study reported higher mortality rate to be associated with: platelet count lower than 20,000/mm 3 , PTT longer than 60 seconds [9] . Coagulopathy parameters (thrombocytopenia, prolonged PT, PTT, INR and d-dimer level )and their correlation with disease severity in CCHF have been suggested in another study [9] . Another study designed to evaluate criteria predicting the disease severity reported the lab parameters indicating disease severity: platelet count<20000/mm 3 , and decrease of levels of hematocrit and fibrinogen, elevation of creatine phosphokinase titer and lactate dehydrogenase, aspartate aminotransferase, alanine aminotransferase, prothrombin time (PT) and partial thromboplastin time (PTT) , developing melena and loss of consciousness [10] . Other studies have shown that the presence of risk factors including plt<90,000/mm 3 , increased levels of AST, ALT and PTT, are associated with significantly disease severity in these patients [11] and also high viremia predicted higher mortality rate [13, 14] . Patients with severe lethal CCHF disease have been reported to have significantly higher serum levels of IL-6 and TNF-α and lower levels of IL-10 [8] .
Ferritin is an acute phase protein which is increased during inflammatory diseases. Recently, increased serum levels of ferritin has been proposed as an independent single predicting factor for severity of various diseases such multiple sclerosis (MS) and also acute interstitial lung disease (ILD) caused by dermatomyositis, histiocytic malignancies, adult still disease and hemophagocytic lymphohistiocytosis [15] [16] [17] [18] [19] . Hemophagocytic lymphohistiocytosis phenomenon has recently been suggested in pathogenesis of CCHF [20] .
Only two study from Turkey have addressed the relation between increased serum level of ferritin with disease severity in CCHF patients [21, 22] . Moreover, introducing a safe and simple method to evaluate the disease severity in CCHF patients is of great importance in order to start early treatment and intensive care in this group. In the present study we aim to evaluate the performance of serum level of ferritin in predicting disease severity in patients with CCHF.
Materials and Methods
In this analytical cross-sectional, target population included all the patients admitted to Boo-Ali Hospital who were considered as probable cases of CCHF according to clinical and laboratory criteria of Iranian National guideline( having; 1-acute onset of fever, myalgia, and headache, 2-an epidemiologic factor, and 3-platelet count <100,000/mm 3 ) for CCHF from May 2011 to June 2012. Written informed consents were taken from all patients before enrollment in the study. Serum samples from the patients were sent to Iran Pasteur Institute for serology evaluation or PCR diagnosis of CCHF. Patients with a positive result were included in this study. Blood samples were also taken for performing laboratory tests including platelet count, FDP, fibrinogen, PT, PTT and serum ferritin.
Patients with other known hematologic or rheumatologic diseases, coagulopathies or malignancies, all patients who had a history of receiving any type of antiviral, blood or blood products between the beginning of their symptoms until admission to our hospital were excluded from this study.
The severity of DIC was determined using the scoring system of International Society on Thrombosis and Hemostasis (ISTH). According to this scoring system, DIC severity is evaluated as following: platelet count >100,000/mm 3 , 50,000-100,000 and <50,000/mm 3 (0, 1 and 2 scores, respectively); FDP<10mg/L, 10-25 mg/L and >25mg/L (0, 2 and 3 scores, respectively); fibrinogen>1g/L, and <1g/L (0 and 1 score respectively); PT <3 seconds, 3-6 seconds and >6 seconds (0, 1 and 2 scores, respectively). A total score ≥5 shows severe DIC and scores <5 are considered as mild DIC [21] . Accordingly, the patients were divided into two groups with mild and severe DIC and serum ferritin level was evaluated and compared in these two groups.
A questionnaire was designed for collecting data. The questionnaire included questions on demographic information such as age, sex, and ethnic character.
Data analysis
All continuous variables were tested for normality of distribution using Kolmogorov-Smirnov goodness of fit tests. Categorical variables were presented as counts and percentages. The Chi square test was used to compare the distribution of categorical variable between different groups. None of continuous variables had a normal distribution. Hence, nonParametric Mann-Whitney test was used to compare means of quantitative variables between groups.
Receiver operating characteristic (ROC) curve analysis was performed to assess the optimal cutoff value of serum ferritin for predicting the disease severity, sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood ratio and negative likelihood ratio (23) .
A p value <0.05 was considered significant for all analyses. Data analysis was performed using SPSS version 20 statistical software package (Chicago, IL, USA).
Results
A total of 42 patients with laboratory-confirmed CCHF diagnosis were investigated during the one year study period which included 36 men (85%) and 6 women (15%). Age range was from 17 to 78 years (mean age, 36.6 years). Of the studied patients 26 (62%) were from Balouch ethnicity and 16 (38%) were Persians. Regarding the disease severity according to DIC score, 23 (54.7%) patients were categorized in mild group and 19 (45.3%) were found to have severe disease. No significant differences were found in the distribution of demographic variables such as sex, age group and ethnicity between DIC severity groups (Table1).
According to the Kolmogorov-Smirnov test, none of the continuous studied variables including platelet count, PT, PTT, FDP, fibrinogen, ferritin and hospital admission time showed a normal distribution. Therefore, non-parametric tests such as Mann-Whitney were used to fro comparing means between groups.
The mean of the time of hospital admission from the beginning of the symptoms was 3.26 days in the mild DIC group as compared with 3.58 in the severe group and the difference was not statistically significant (Table2).
A total of 34 patients (81%) had a full recovery and 8 patients (19%) died. The mean of platelet count was lower in patients in the severe DIC group as compared with patients with mild DIC (i.e. 41.2 × 10 3 mg/dL versus 54.3× 10 3 mg/dL). Moreover, in comparison with mild DIC group the mean of prothrombine time and partial throboplastin time was longer in severe DIC group. Although none of these differences were statistically significant. On the other hand, the mean of serum concentration of fibrin degradation products was in patients with severe DIC was much higher than the mild DIC group (31.4 mg/L versus 8.4 mg/L) and the difference was statistically significant (p<0.0001). Conversely, the mean of serum concentration of fibrinogen was much lower in severe DIC group (i.e. 0.6 g/L) in comparison with the mean serum fibrinogen concentration of 1.4 in the mild group and the difference was statistically significant (p=0.020). The mean of serum ferritin in patients classified as having severe DIC was approximately five times the mean serum ferritin concentration in patients with mild DIC (i.e. 6251 ng/mL versus 1259 ng/mL) and the difference was statistically significant (p<0.0001) ( Table 3) . Receiver operating characteristic (ROC) curve analysis was used to investigate the performance of serum ferritin level in distinguishing severe DIC cases from those with mild DIC. In our study, the area under the curve was 0.896 (95% CI: 0.801-0.991) which was statistically significant (p<0.0001) (Figure 1 ). ROC curve analysis was also used to calculate, sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood ratio and negative likelihood ratio for different levels of serum ferritin. Youden's J and minimum d statistics [22] were used to identify the optimal cut-off value for serum ferritin level to distinguish mild from severe CCHF disease.In our analysis serum ferritin concentrations of 1060 ng/mL and above showed the an optimal performance with a sensitivity of 78.9% and specificity of 87%. Positive predictive value (PPV) and negative predictive value (NPV) in our study were 6% and 100%, respectively. The positive and negative likelihood ratios at this level of serum ferritin were 6.05 and 0.24, respectively (Table 4) .
Discussion
Findings from the present study showed that increased serum ferritin level in patients with CCHF could reasonably distinguish patients with severe DIC from those with mild DIC.
Physiopathology of this disease has been already studied in several studies [12, 13, 20] . To this date, many parameters have been suggested to evaluate the severity of the disease including decreased thrombocytopenia, prolonged PT and PTT, liver transaminases, muscular enzymes, cytokines such as IL-6 and IL-10 [8, 24, 25] 
